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Abstract

The objective of this study is to determine spatial differences in the marginal
values of housing density and their implications for housing development projects. In
order to achieve this objective, the values households place on neighborhood density
were measured using locally weighted regression in a hedonic housing-price framework.
The neighborhood housing density coefficient in the global model confirms the positive
and significant value of lower neighborhood density. The spatial distribution of the
housing density marginal effects from the local model shows the variation of site-specific
values of neighborhood housing density. The marginal effects of lower neighborhood
density gradually increase closer to the Town of Farragut, on the west end of the county.
The Town of Farragut and adjacent areas show the highest marginal effects of lower
neighborhood density on housing price. It was found that the marginal implicit price for
one fewer house per acre in the Farragut area was $ 1 1 ,964 whereas the whole Knox
County area was $3,53 1 . Based on these marginal implicit prices, open space in Farragut
is valued 3 .4 times greater than open space in the whole Knox County study area.
Understanding the spatial variation in values of neighborhood density across specific
locations can lead to "smart growth" policies that are more appropriate for site-specific
conditions. For example, a site-specific conservation subdivision ordinance could be
developed based on this implicit price ratio. Each conservation subdivision is required to
set aside a minimum percentage of its adjusted tract acreage as open space. Typically, the
minimum amount of adjusted tract acreage is defined rather arbitrarily without systematic
consideration of households' preferences about open space. For instance, based on the
ratio found in this study, 3.4 times more open space within a conservation subdivision
could be set aside for open space in the Farragut area compared with the overall area.
Since the Farragut area has a smaller neighborhood density than the overall area, more
abundant open space outside a subdivision in the Farragut area should substitute for the
minimum open space requirement within the subdivision. Thus, the open space that is set
aside for a subdivision in the Farragut area should be less than 3.4 times the amount set
aside for a subdivision in the overall area. In conclusion, "smart growth" policies
promoting only high-density development are incapable of providing a cure for urban
sprawl without also considering spatial variation in the values of neighborhood density.
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1. Introduction and Literature Review

Urban sprawl is a multi-dimensional phenomenon about which causes, conditions,
and consequences are difficult to identify, disentangle, and quantify. It is generally
agreed urban sprawl is a pattern of land development in which the rate of land consumed
for urban purposes exceeds the rate of population growth. The county has been growing
rapidly in recent years. During the 1 980s, the population of Knox County increased by
5%. During the following decade, the rate of population growth nearly tripled to 14%,
rising from 335,749 to 382,032 residents. Knoxville is the eighth-most sprawling U.S.
metropolitan region (Ewing, Pendall, and Chen, 2002).
Longman (1 998), in his study for the American Farmland Trust, reported at that
time the United States loses approximately 50 acres of land per hour to urban sprawl. 1 At
this pace, 1 3% of farmland in the nation has potential for development by the year 2050.
One-third more land per person was consumed in the 1 990s by urban use than in the
1970s (Daniels and Bowers, 1 997). Much of this additional land consumption takes
place in suburban or exurban (Nelson and Sanchez, 2005) areas that are characterized by
lower density developments along pre-existing urban fringes.2
The consequences of this trend of urban sprawl are debated by researchers who
see the problems from urban sprawl outweighing benefits, and those who see the opposite
(Snyder and Bird, 1 998). Consumers' increasing preference toward open space has
contributed to the main component of sprawl, an increase in lower density housing and

1

2

http://www.farmland.org/
http://dictionary.reference.com defines exurban as, "A region lying beyond the suburbs of a city,

especially one inhabited principally by wealthy people."

1

more residential developments in rural areas (Geoghegan, 2002; Skaburskis, 2000).
While lower density housing inevitably reduces the availability of open space (Katz,
2002; Daniels and Bowers, 1997), criticism focuses mostly on the pace of reducing open
space by unbalanced and inefficient housing growth (Daniels and Bowers, 1997; Katz,
2000). Sprawl is often criticized for various negative impacts around a given community.
Loss of prime farmland, roadway congestion, racial segregation, and concentrated
poverty are common concerns associated with urban sprawl (Katz, 2002; Katz, 2000;
Snyder and Bird, 1998; Gordon �md Richardson, 1998; Daniels and Bowers, 1997;
Brookings, 2000). Other undesirable social costs associated with urban sprawl include a
higher cost of labor, increased commuting times and costs, and environmental costs such
as air pollution (Gordon and Richardson, 1998; Daniels, 1999; Daniels and Bowers,
1997). Taxpayer costs associated with additional infrastructure from urban sprawl is also
a concern for many communities (Snyder and Bird, 1998; Gordon and Richardson, 1998;
Daniels and Bowers, 1997).
In contrast, a group of researchers question the criticisms of sprawl.

It

is claimed

that traffic congestion is only aggravated by anti-sprawl policies, and urban sprawl itself
may be the solution to the problem of traffic congestion (Smith, 2003; Holcombe, 2002).
Only 19% of prime farmland in the United States lies within 50 miles of the 100 largest
urbanized areas where imminent threat of farmland loss by sprawl exists (Nelson, 1992).
Additionally, it is argued the current pace of farmland loss is not worth the concern
because steadily increasing agricultural efficiency offsets the loss of farmland to sprawl
(Gordon and Richardson, 1998).

2

The debates over sprawl have led to the initiation of state and local "smart
growth" policies that seek to direct urban growth toward efficient use of available
resources while maintaining a rate of growth that accommodates developmental needs.
Specifically, these policies strive for efficient and moderately paced growth that
maintains a centralized urban area with mass transit systems and a pedestrian friendly
environment, thereby lowering automobile dependency .. A core smart growth goal is to
increase housing density within existing urban areas by promoting a more compact
development pattern where new developments are clustered at higher densities around
existing development and infrastructure service areas (Daniels and Bowers, 1 997).
Developing higher density housing may be one of the most important factors in achieving
the goal of smart growth policies.

In

order to establish effective smart growth policies, it

is important to better understand consumers' perceptions of housing density.
Achieving compact developments may be a challenging goal as lower density
housing is generally believed to be increasingly preferable (Skaburskis, 2000; Gordon
and Richardson, 1 997). This preference towards lower-density development is reflected
in the increasing loss of open space (Longman, 1 998) and increasing land consumption
per person (Daniels and Bowers, 1 997). Urban sprawl, therefore, has become a concern
due to its negative consequences in terms of land consumption, environment, and
people's activity levels (e.g., Daniels, 1 999; Snyder and Bird, 1 998). Literature
analyzing the rural-urban interface in relation to sprawl has recently emerged (Sharp and
Smith, 2003; Bell and Irwin, 2002; Carrion-Flores and Irwin, 2005; Hite, et al., 2004;
Wu, 200 1 ; Westphal, 200 1 ). Although the recent literature has analyzed patterns of
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lower-density development along the urban fringe, little empirical evidence is available to
verify a household's value of lower-density development.
Skaburskis (2000) used 1991 Canadian census micro-level data to examine the
relationship between housing market price, household tenure, and mix of dwelling type.
It was

concluded that higher income households are more likely to obtain the preferred

lower density housing than lower income households. This indicates the attribute of
spaciousness around the immediate home is a normal good. The housing density in
Skaburskis' study is defined as spaciousness of dwelling types, but the commonly used
definition of housing density requires examination within the constraints of a
neighborhood boundary.
Identifying appropriate neighborhood boundaries is made difficult because of two
conditions that must be met for the area within the boundaries (Meen and Andrew, 1998).
The conditions are as follows: (1) variables, such as income, must grow at the same rate
in each geographic area or exhibit a common stochastic trend; (2) the housing market
structure must be the same over the geographic area within the boundary. Previous
studies have shown block-group level data, created by the U.S. Census Bureau, to
consistently satisfy these criteria. These studies have found that specifying neighborhood
variables and aggregating housing data at the census block-group level led to improved·
accuracy in hedonic price estimations (Goodman 1977; Cao and Cory 1981; Geoghegan
et al. 1997).
Over the years, the hedonic pricing approach has become a common way to
measure the value placed on amenities by consumers (Eastwood, 1999). The approach
has been gaining popularity as rapidly improving geographic information systems (GIS)
4

are applied to hedonic models. The model establishes a functional relationship between
the observed housing sale price and specific housing characteristics (Cheshire and
Sheppard, 1 995; Holway and Burby, 1 990). While the hedonic method is often used,
urban and regional economists have long challenged the assumption of the typical
hedonic model that a stationary relationship exists between house prices and housing
attributes within a housing market (Adair, et. al, 1 996; Maclennan, 1 986; Whitehead,
1 999; Watkins, 200 1 ; Goodman and Thibodeau, 1 998). The critics suggest unitary
housing markets might not exist in a real-world market, but rather, real-world housing
markets are composed of interrelated submarkets. When existing submarkets are not
considered in a hedonic model, the model outcome can be skewed.
The objective of this study is to determine spatial differences in the marginal
values of housing density and their implications for housing development projects in
Knox County, Tennessee.

In order

to achieve the objective, values placed on

neighborhood density by households were measured using a locally weighted regression
in a hedonic housing-price framework. Because the local model allows regression
coefficients to vary across space, the spatially varying partial derivatives of the hedonic
price function, with respect to neighborhood density, are estimated locally. Using the
partial derivates, marginal implicit prices of neighborhood density can be calculated
locally. These marginal implicit prices reflect relative values placed on neighborhood
density by households. These marginal implicit prices can be summarized with relatively
homogeneous values to create sub-regions, or submarkets, with comparable values of
neighborhood density. These submarkets can be used by policymakers to achieve smart
growth by controlling urban sprawl at the local level.
5

This study identified spatial variation in households' value of housing density at
site-specific locations. A locally weighted regression (L WR), as first proposed by
Cleveland and Devlin (1988), was adopted to deal with non-stationarity in the hedonic
model. The methodology allows regression coefficients to vary by location in terms of
the first law of geography (Tobler, 1970). 3 The use of an LWR allows valuation of
housing density to be estimated locally, thereby examining consumers' site-specific
perceptions of housing density.
A conservation subdivision is a specific example of a smart growth plan that can
benefit from this study. A conservation subdivision utilizes consumers' valuation of
open space to create high density housing in close proximity to a conserved open space.
While conservation subdivisions do not necessarily reduce sprawl, it seems they do
provide an outlet for the presumed low-density preference of dwellers and satisfy the
community's need for planned development (Austin, 2004).

In

conservation

subdivisions, developers expect the home buyers to value the conserved open space
highly enough to compromise their otherwise preferred housing parcel size. The key to
successful conservation subdivision design is found in balancing lot size with open space,
and a map of density valuation, like the one generated in this study, provides an
indication of how to balance these two characteristics locally.
As demonstrated by the expectation in conservation subdivisions, preference for
lower-density housing may be satisfied by the substitution of open-space accessibility,
such as access to greenways or local parks {Trust for Public Land, 2006). Although low

3
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Everything is related to everything else, but near things are more related than distant things.

density housing is thought to be increasingly preferable, site-specific valuation is useful
in revealing demand for substitutes. These substitutes may be used as policy makers
strive to maintain land values and still preserve open space from low-density sprawl.
Thus, location decisions for building future greenways and parks can incorporate local
density valuation.
In

general, urban growth policies may either be created or adapted as consumer

preference and value are revealed. This study identifies one of the key consumer
preferences relating to urban sprawl and, therefore, the adoption of smart growth policies.
If urban sprawl is to be slowed and managed along the urban fringe, it is important for
smart growth policies that encourage compact development to be effective. Consumer
preference for lower housing density, revealed in this study, can be used to balance the
community's need for higher density housing with the consumers' preference for lower
density housing.

7

2. Empirical Model

A typical global hedonic housing price equation is expressed as follows:
(1)
where

lny;
In Y;

=Po+ LkPkxik +&;

is the natural logarithm of the sale price of a housing parcel in a location i;

X;k are variables of structural, neighborhood, location, high-school, spatial, and real
estate characteristics k that include the neighborhood's housing density;
capturing error;

&;

is a residual

Po and Pk are coefficients.

An implicit assumption made in the estimation of equation (1) is that relationships
between variables measured at different locations within the study area, urban and rural
urban interface areas, are constant, or do not differ by specific location. If structural
variations in the housing market exist, assuming constancy in variables measured at
different locations across the area would result in model misspecification. The LWR
extends the global hedonic model by allowing regression coefficients to vary across
space. Following Fotheringham, Brunsdon, and Charlton (2002), equation (1) is
rewritten as follows:
(2)
where (u;,v;) denotes the coordinates of the ith point and
continuous function

Pt (u,v) at point i.

Pt (u;,v;) is a realization of the

That is, a continuous surface of parameter values

is allowed, and measurements of this surface are taken at certain points to denote the
spatial variability of the surface (Fotheringham, et al., 2002).

9

For the estimation of

Pt(u;, v;), the LWR differs from OLS in that it assigns

weights according to spatial proximity to location ito account for an observation's
increased influence nearer location i and an observation's decreased influence farther
from location i. That is,
(3)
where,

/J

represents an estimate of p ; X is a vector of the variables of structural,

neighborhood, location, high-school, spatial, and real estate characteristics In xik ;
vector of

In Y; ;

W( u;, V; ) is an

n xn

diagonal matrix with diagonal elements

W;;

Y is

a

denoting

the geographical weighting of observed data point for location i.
To better understand how an LWR operates, consider the LWR equivalent of the
classic regression equation,
(4)

Y=

(p®X)l+E

where ® is a logical multiplication operator in which each element of p is multiplied by
the corresponding element of X, and 1 is a conformable vector of 1 's. If there are
data points and

k explanatory variables, including the constant term,

n

both p and X will

have dimensions n x k . The matrix p now consists of n sets of local parameters and has
the following structure:

(5)

W(i) is an

10

P=

n xn

Po(u.,v.) P1(u1 ,v1)
Po(u2,v2) P.(u2,v2)

Pt(u.,v1)
Pt(u2 'v2)

Po<un,vn) P.(un,vn)

Pt<un,vn)

spatial weighting matrix of the form

(6)

W(i)

=

W;t
0

0

0

wi2

0

0

0

W;n

where wu is the weight given to data pointj in the calibration of the model for location i.
The diagonal elements of the weight matrix, wu, are equal to:
(7)
=

0 otherwise

where dii is the Euclidean distance between point i andj, and b is a chosen bandwidth.

4

At the regression point i, the weight of the data point is unity, the highest possible weight
for any given data point, and falls to zero when the distance between i andj equals the
bandwidth or higher.
As b approaches infinity, wu approaches 1, regardless of dii; in which case the
parameter estimates become uniform essentially making the LWR equivalent to an OLS.
Conversely,

as

b is made smaller, the parameter estimates will increasingly depend on

observations in close proximity to location i, therefore increasing the variance.
A cross-validation (CV) approach is suggested for a local regression's optimal
bandwidth selection (Cleveland, 1 979). CV takes the following form:
n

(8)

cv

=

L[y;- Yot;(b)]2
i=l

4

In kernel estimation, a scalar argument to the kernel function that determines what range of the nearby
data points will be heavily weighted in making an estimate. The choice of bandwidth represents a tradeoff
between bias (which is intrinsic to a kernel estimator, and which increases with bandwidth), and variance of
the estimates from the data (which decreases with bandwidth).
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where .Y�;(b) is the fitted value of

Y;

with the observations for point i omitted from the

fitting process. This bandwidth is chosen to minimize CV. Thus, in the LWR model,
only land parcels up to the optimal level of b are assigned non-zero weights for the
nearest neighbors of house i. The weight of these points will decrease with their
increased distance from the regression point.
The bandwidth in an LWR can vary in size according to the density of data points
surrounding location i. The adaptive spatial kernel selection, resulting in bandwidth size
variability, refers to the area around the regression point that exerts the most influence on

i.

In other words,

adaptive spatial kernel selection, opposed to fixed spatial kernel

selection, allows the bandwidth distance to become larger or smaller as necessary. When
an adaptive spatial kernel is utilized in LWR estimation, bandwidth distance is adapted to
variations in data point density so that larger bandwidths are used where the data are
sparse and smaller bandwidths are used where the data are dense. Conversely when a
fixed spatial kernel is utilized, bandwidth for all estimated points does not vary but
remains a constant distance from the lh point; the bandwidth is chosen in the same way,
based on CV minimization, and serves the same mathematical purpose regardless of
whether fixed or spatial kernel is utilized. The adaptive spatial kernel was utilized in this
study thereby allowing the bandwidth distance to vary by a fixed number of nearest data
points around location i regardless of the linear distance measure.
Because the local model allows regression coefficients to vary by geographic
location across the study area, within urban and rural-urban interface block groups, the
spatially varying partial derivative of the hedonic price function with respect to any
characteristic is estimated locally. Specifically, measurement of the spatially varying
12

partial derivative of the hedonic price function with respect to housing density allows the
local value of housing density to be quantified.

13

3. Study Area and Data

The city of Knoxville is located in Knox County, Tennessee, as shown in Figure 1
(all figures and tables can be found in the appendix). Its landmass comprises about 100
square miles of the 525 total square miles in Knox County. Knoxville is the largest city
in East Tennessee and the third largest city in the state. It is located between the
Cumberland Mountains, 100 miles to the northwest, and the Great Smoky Mountains,
twenty miles to the southeast. Knoxville serves as a regional transportation center with
its airport. Cities within a 250 mile radius include Charlotte, North Carolina to the east,
Atlanta, Georgia to the south, Nashville, Tennessee to the west, and Lexington, Kentucky
to the north. All four of these cities are directly connected by interstate highways that
pass through Knoxville. The Clinch, French Broad, Holston, and Tennessee rivers flow
through Knox County. Knoxville, therefore, has ground, air, and water access to cargo
terminals for interstate and international commerce. 5
Among the reasons for choosing Knoxville as a place of residence is the presence
of multiple education facilities, including the University of Tennessee. Additionally, the
city houses various sports interests. Knoxville also has five major medical centers, one
children's hospital, and more than 1, 700 doctors. Knox County is surr ounded by several
Tennessee Valley Authority lakes and other water bodies, and multiple state parks are
spread throughout the region. The Great Smoky Mountains National Park, which has far
more visitors than any other national park (American Park Network, 2001), is twenty
miles to the southeast of Knoxville, Tennessee

5

http://www.knoxvilletennessee.com
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Over the last three decades, Knox County has seen steady population growth,
averaging about one percent per year. However, the city has grown more rapidly than
this averaged rate in recent years. During the 1 990's the rate of population growth nearly
tripled from that of the 1 980's to a 14% growth rate across the county (KMPC, 2005).
Three primary data sources will be used to study the Knoxville housing market.
Parcel data were provided by the Knoxville, Knox County, Knoxville Utilities Board
Geographic Information System (KGIS), and the office of the Knox County Tax
Assessor. Census-block group data were obtained from the United Sates Census Bureau,
Geolytics CensusCD Software. Geographic information system databases, including
location and size data for parks and water bodies, were taken from 2004 Environmental
Systems Research Institute (ESRI) Data and Maps. Parcel records contained detailed
information about the structural attributes of the single-family house located on the land
parcels evaluated. The census-block group data include socioeconomic characteristics of
the neighborhood around the parcel, e.g., vacancy and unemployment rates. The ESRI
data were also used for most distance calculations from the individual parcel as well as
water body and park characteristics.
Data for single-family houses were selected for land parcels sold between1 998
and 2002. This time period was chosen to represent recent sales that corresponded to
data from the 2000 census. Land parcels were located within the boundaries of 234
census-block groups in Knox County. Each parcel was assigned data from the block
group in which the parcel was located. After removing 298 rural parcels, 22,704 parcels
were situated in urban and rural-urban interface census block groups. 1 5 ,500 were
randomly selected for analysis in the hedonic model, and 1 5,335 remained in the sample
16

after unreasonable age data were purged. The census-block groups were classified
according to Census Bureau classifications where urban areas contain 1 00% urban
housing in the block group and rural-urban interface areas were mixed urban and rural
housing. 1 1 ,908 parcels were classified in urban block groups and 3,427 were located in
rural-urban interface block groups, as shown in Figure 2.
All explanatory variables along with descriptive statistics and definitions are
listed in Table 1 . Distance calculations for location variables, assignment of block group
data for neighborhood variables, and compilation of parcel data were made using
ArcMap 9. 1 . The distance measurements included proximity of the parcel to the closest
park, water body, golf course, greenway, railroad, and sidewalk. There were 40 local
parks, 25 perennial streams and rivers, 3 1 perennial lakes and ponds, 1 perennial
reservoir, 9 water bodies with unknown classifications, 32 greenways, and 405 miles of
total sidewalk distance within the county boundary. U.S. Census Bureau's Census
Feature Class Codes were used for the classification of water bodies and parks.
Neighborhood variables from Census data were used as explanatory variables
following Goodman (1 977) and Cao and Cory ( 1 98 1 ). The variable of interest, housing
density as discussed above, was also evaluated at the census block group level. Average
travel time to work was taken at the block group level as travel time, intuitively, was
expected to influence the purchase decision for a house. This expectation is similar to the
expectation that the rural-urban interface variable was indirectly expected to capture
proximity effects for distance to downtown Knoxville. The unemployment and vacancy
rates were also included as neighborhood factors because of the social perceptions of
economic status associated with each.
17

Structural characteristics for each house were used as explanatory variables based
on previous hedonic housing studies (Bin and Polasky, 2004; Goodman and Thibodeau,
1 998; Stevenson, 2004). The structural characteristics that were included in the model
are size of finished living area, number of bedrooms, story height, presence of garage,
swimming pool, number of fireplaces, age of structure, presence of brick siding,
condition of structure, quality of construction, and size of the land parcel.
As detailed above, distance measurements were taken for each parcel's distance to
nearby points or areas that were expected to affect the buyer's perception of the property,
e.g., distance to downtown, nearest golf course, greenway, park, railroad, sidewalk, and
water body (Bin and Polasky, 2004; Anstine, 2003).

In

addition to simple distance

measurements, size of the nearest park and size of nearest water body were included.
The parcel' s existence in a 500 year floodplain was used as an explanatory variable to
capture the effect of floodplain risk on housing price. Since laws and regulations are
different by local jurisdiction, a parcel' s presence within the city of Knoxville, the urban
growth boundary, or a planned growth area were included in the model (Knapp, 1 985).
Those parcels that lie within an area classified by the city planners as rural were excluded
from the model and act as a reference.
It has also been

shown that school districts are important factors for housing price

determination (Black, 1 999; Hayes and Taylor, 1 996). School district variables are
sometimes listed in a hedonic model by detailed school characteristics, e.g., test scores,
expenditures, student-teacher ratio, and property taxes (Black, 1 999). Geographic high
school district data were utilized in this study and were expected to capture the net effects
of all individual school characteristics therein. Table 2 lists composite ACT scores for
18

each of the twelve high schools as reported by the Tennessee Department of Education
Report Card data. 6

It

was expected that these standardized academic measurements

correlate to the value of a high school district, relative to a reference district, within the
housing market (Brasington, 2000). The West High School district was the established
reference district for the study area, and the remaining districts were interpreted relative
to the West district. Those parcels situated in rural-urban interface block groups did not
include any observations in the Austin district or Fulton high school districts. Therefore,
in addition to the West district Austin and Fulton also served as a reference for these
observations.
Real estate market variables were represented by the inclusion of real interest rate
data for the year of sale as well as the season in which the house was sold. The average
prime interest rate for the year of sale was adjusted for inflation by subtracting the yearly
change in consumer price index (CPI}, and this was expected to negatively influence the
housing sale price as interest rates affect a buyer's budget constraint to purchase and a
builder's capital expenditure for construction (Voith, 1 996). The season of sale was
expected to influence the housing sale price because of consumer perceptions that vary
from season to season, e.g. intuitively, springtime property appearance is more
aesthetically pleasing than at other times.

6

http://tennessee.gov/education/mreport.htm
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4. Results and Discussion

The hedonic estimation results are reported in Table 3. The overall F test
indicates the global model is highly significant (F=1 1 .046, df=42, 1 5292,p-value>.01 ).
The local model explains 75 .6% of the variation, as reported by the adjusted

R2 , which is

an improvement of 2.4% over the global model. The local model also reduces the
residual sum of squares from 1 ,205.9 in the global model to 1 ,085 .3 The improvement in
adjusted

R2 and the residual sum of squares suggests the local model fits the data better

than the global model. 6,080 nearest neighboring land parcels were selected as the
optimal spatial kernel for the bandwidth used in the LWR. This was determined by the
CV minimization given in equation (8).
The results from the global model show that all of the structural variables are
statistically significant at the 1 % level. Coefficient signs of the structural variables are as
intuitively expected. Evaluated at the average house value, the results indicate that house
price increased by $7,777 with addition of a swimming pool, as seen in Table 4. A
garage increased sale price by $1 2,054, and a good structural condition increased sale
price by $ 1 2,83 1 . Housing sale price increased by $36 for each additional square foot of
finished living area. An additional bedroom increased sale price by $ 1 ,8 1 5, additional
story height of the structure increased sale price by $ 1 2,83 1 , and additional 1 ,000 square
feet of parcel size increased sale price by $270. The marginal implicit price from
increasing the age of a house by one year yielded an estimate of $5 1 8 in decreased house
value.

21

The marginal implicit prices were aggregated in Table 4 to examine roles of
housing characteristics by group. When aggregated, the structural characteristics
contributed more to the housing sale price (value of about $85,000) than any other
attainable group of housing characteristics in this study. Census block group
characteristics reveal valuation of higher neighborhood economic status (value of about
$58,000). The distance amenities sum $3,1 20. The implicit prices ofhigh school dummy
variables can not be summed because the value is only meaningful with a reference to the
West high school district. Real estate market variables sum $3,500. Finally, the housing
density is valued $3,53 1 for one house less per acre.
From among the census-block group variables (vacancy rate, unemployment rate,
and travel time to work) only unemployment rate was found statistically significant at the
1 % level. The unemployment rate was thought to measure the relative economic status
of a neighborhood (Adair, et. al, 1 997). Neighborhoods with lower unemployment rates,
reflecting higher economic status, had higher housing prices.
All nine distance variables are statistically significant at the 1 % level except
distance to downtown (insignificant at 5%) and distance to nearest railroad track
(significant at 5%). The statistical insignificance of distance to downtown is not
surprising as business is distributed throughout Knoxville along the interstate highways.
Proximities to greenways, sidewalks, local parks, golf courses, and water bodies have
positive values, displayed in the negative marginal effects for increasing distance. Parks
and water bodies of larger size also add significant value to the housing sale price. The
negative value for proximity to a railroad is likely associated with railroads being a noise
disamenity; this negative value is further exaggerated by Knox County not being located
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near railroad transportation facilities. The mixed signs of the local coefficients,
summarized in Table 3, for the distance variables suggest that the amenities from these
attributes vary locally. It is also possible these are insignificant factors in some area.
All eleven high school dummy variables were found statistically significant at the
1 % level. The reference district used for the high school dummy variables was the West
high school district. School district dummy variables with negative effects had relatively
lower average American College Testing (ACT) scores than the West high school district
except the Farragut and Bearden high school districts. Therefore, the signs of all but two
dummy variables are consistent with previous research about school accountability
ratings and housing value (Kane, Staiger, and S amms , 2003).
The Knoxville dummy variable was the only statistically significant variable
among five spatial dummy variables defined in Table 1. Its negative coefficient indicates
that prices were higher for houses located outside the city limits. Though other factors
may contribute, lower prices may largely represent the perception that the value of
additional public services provided within the city does not fully compensate for higher
city property taxes.
The dummy variable for season of sale showed that spring and summer sale prices
were higher than fall and winter prices. Consistently positive coefficients in the local
model, summarized in Table 3, indicate. that this seasonal effect was persistent throughout
the county. The real interest rate was positive and statistically significant at the 1 % level.
However, the positive relationship between interest rate and housing price is
counterintuitive. This relationship depends on whether interest rates rise due to
expectations of rate increase (the rate of increase in the general price level anticipated by
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the public in the period ahead) or because real rates are rising because of an increased
demand for credit. If it is the former, housing prices can continue to rise even as interest
rates rise (Kling, 2004 ).
The coefficient for neighborhood housing density confirms the positive and
significant values of lower neighborhood housing density. Evaluated at the average
housing price, results from the average of local housing density coefficients across the
Knox County study area indicate that housing price decreases by $3,53 1 per additional
house per acre. The marginal effects of neighborhood density on housing price from the
locally weighted regression are mapped in Figures 3. With the exceptions being most
areas within the city boundaries �md some areas in east and northwest Knox County,
Figure 3 shows that houses in ar(�as of lower neighborhood density have greater marginal
implicit prices for lower density housing .
Particularly, the marginal effects of lower neighborhood density gradually
increase closer to the Town of Farragut, on the west end of the county, as displayed in
Figure 1 . The Town of Farragut and adjacent areas show the highest marginal effects of
lower neighborhood density on housing price.

On

average, houses in the Farragut area

are newer (nine years newer), in lower density areas (0.6 houses per acre lower), and on
smaller lots (2,409 square feet smaller) relative to all of Knox County. This finding
implies that low-density sprawl in Knox County is driven by newer houses on smaller
lots. Taking the Farragut density coefficient, representing the mean of local coefficients,
and using the average housing price for Knox County, it was found that the marginal
implicit price for one fewer house per acre in the Farragut area was $ 1 1 ,964 whereas the
whole Knox County area was $3,53 1 . Based on these marginal implicit prices, open
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space in Farr agut is valued 3.4 times greater than the whole Knox County study area.
Housing sale prices throughout the study area are displayed in Figure 4 showing that
houses in the Town of Farr agut area are, on average, higher priced than those in the City
of Knoxville. Farr agut housing sale prices, adjusted to 2000 dollar values, average
$207,354 while Knoxville housing sale prices averaged $98,713.
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5. Summary and Conclusion

It has been reported that the current, estimated rate of farmland loss qualifies 1 3%
of farmland in the nation for potential development by the year 2050 (Longman, 1998),
and much of this additional land consumption takes place in exurban (Nelson and
Sanchez, 2005) areas characterized by lower density developments. State and local
governments have long wrestled with sprawl, leading to the initiation of "smart growth"
policies designed to control sprawl. Many communities who have made commitments to
smart growth policies are struggling with implementation, and the source of their struggle
comes chiefly from a lack of understanding about the causes of sprawl. The key principle
of smart growth policies is compact development to preserve open space, farmland, and
critical environmental areas. While smart growth analysts increasingly emphasize higher
density housing as a possible cure for urban sprawl (Katz, 2002), compact housing
developments may be challenging as research suggests an increasing preferences for
lower density housing (Skaburskis 2000; Gordon and Richardson 1997).
Although recent literature has analyzed patterns of lower-density housing
development along the urban fringe, little empirical evidence was available to verify a
household' s value of lower-density housing development. The objective of this research
was to determine spatial differences of marginal housing density values and their
implications for housing development projects.

In

order to achieve this objective,

neighborhood density values were measured, by household, using locally weighted
regression analysis in a hedonic housing-price framework. Because the local model
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allows regression coefficients to vary across space, the partial derivatives of the hedonic
price function, with respect to neighborhood density, are estimated locally.
The global neighborhood density coefficient confirmed the positive and
significant value of lower neighborhood housing density. Evaluated at the average
housing price, results from the m,ean of local coefficients across the study area indicate
that housing price decreased by $3,53 1 per additional house per acre. The spatial
distribution of the marginal effect of housing density shows the variation of site-specific
values of neighborhood density. Differences among locations for the marginal implicit
price of housing density help define areas where households are willing to pay more for
lower neighborhood densities. The identification of these areas is important for
improving smart growth policy implementation, in which compact development with
greater open space accessibility is encouraged for areas with increasing preference for
lower-density housing.
This methodology aids in identifying areas with high marginal values of housing
density. With results from this approach, policymakers can develop site-specific smart
growth policies that fit an area's characteristics. For example, the Farragut area was
found to be the cluster with the highest marginal implicit price of housing density in
Knox County. This area is characterized by newer, lower density, and smaller houses.
Households in the Farragut area are willing to pay more for lower neighborhood density;
thus, smart growth ordinances that encourage compact lots with common open spaces,
e.g., a conservation subdivision, might be well received by households seeking to reside
in this area. The marginal price of density should help in determining the amount of
common open space to preserve in exchange for compact lot sizes within a neighborhood.
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A site-specific conservation subdivision ordinance could be developed based on
the marginal price for housing density. Each conservation subdivision is required to set
aside a minimum percentage of its adjusted tract acreage as open space. Typically, the
minimum amount of adjusted tract acreage is defined without the consideration of
households' open space preference. For instance, based on the ratio of the marginal
implicit prices of housing density found in this study, 3.4 times more open space within a
conservation subdivision could be set aside for open space in the Farragut area when
compared with the whole Knox County area. However, this ratio is based on the existing
neighborhood densities in the two areas.
The Farragut density coefficient represents the mean of all local coefficients
within the Farragut area, and the Knox County density coefficient was taken from the
mean of all local density coefficients across the entire study area. Since the Farragut area
has a lower neighborhood density than the whole Knox County area, more open space
outside of a Farragut subdivision should substitute for the minimum open space
requirement within the subdivision. Thus, the open space that is set aside for a
subdivision in the Farragut area could be less than 3.4 times the amount set aside for a
subdivision elsewhere in the area. However, the precise tradeoff between open space
inside and outside a subdivision was not addressed in this study. This tradeoff could be
established through further research that evaluates the substitution of open space within a
subdivision for open space in the neighborhood surrounding the subdivision.
While the results of this paper deal with the values of neighborhood housing
density, spatial variation within these values is an important dimension of the analysis.
Fundamental to the analysis is the spatial dynamic of the marginal implicit prices of
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lower housing density. By explicitly incorporating the distance aspect in a hedonic
housing-price framework, using locally weighted regression, it was revealed that
households who are willing to pay more for open space in a neighborhood are
characterized by newer, lower density, and smaller houses.
In

conclusion, this study found that consideration of spatial variation is critical for

understanding urban sprawl. This paper argues that "smart growth" policies promoting
only high-density development are incapable of providing a cure for urban sprawl
without also considering spatial variation in the values of neighborhood density.
Understanding the neighborhood density at site-specific levels can lead to policies that
are more appropriate for site-specific conditions.
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Table 1 . Variable Name, Definition, and Descriptive Statistics for Knox County, Tennessee Hedonic Locally Weighted
Regression
Variable

Unit

Definition

GARAGE

Dependent variable
Price sale price adjusted to the 2000 housing price index
Structural variables
Year house was built subtracted from 2006
Dummy variable for brick siding (1 if brick, 0 otherwise)
Dummy variable for swimming pool (1 if pool 0 otherwise)
Dummy variable for garage ( 1 if garage, 0 otherwise)

BEDROOM

Number of bedrooms in house

PRICE
AGE

$
year

BRICK
POOL

STORIES

Height of house in number of stories

FIREPLAC

Number of fireplaces in house

QUALITY

Dummy variable for quality of construction
good,
good,

PRCLSZ

square

HOUSIZ

square

Std Dev

1 296 1 0.227

95460.498

29.207
0.254
0.055
0.635
3 .068
1 .340
0.729
0.352

2 1 .733
0.435
0.229
0.48 1
0.647
0.474
0.575
0.478

0.734

0.442

25895.720

69956.690

1 929.689

975.633

0.063
0.037
22.5 1 9

0.03 1
0.029
3.3 1 4

44552.592
7886.866
6978.6 1 8
3060.270

207 1 3.08 1
5573.062
5463.655
4229.282

0 otherwise)

Dummy variable for condition of structure

COND

(1 if excellent, very good, and

Mean

(1 if excellent, very good, and

0 otherwise)

Total parcel square footage

feet
Total finished square footage of house

feet
VACANCY

ratio

UNEMPLOY

ratio

TRVLTIME

minutes

Census block-group variables
Vacancy rate for census-block group in 2000
Unemployment rate for census-block group in 2000
Average travel time to work for census-block group in

2000

Distance variables
DWNTWN

feet

Distance to downtown Knoxville

GRNWY

feet

Distance to nearest greenway

RAILR

feet

Distance to nearest railroad

SIDEWK

feet

Distance to nearest sidewalk

Table 1, continued
Variable

PARK
PARKSIZ
GOLF
WATER
WATSIZ

AUSTIN
BEARDEN
CARTER
CENTRAL
DOYLE
FARRAGUT
FULTON
GIBBS
HALLS
KARNS
POWELL
WEST
KNOXVILL
FLOOD
�
�--"

Unit

feet
1 ,000
(feet)2
feet
feet
1 ,000
(feeti

Definition

Mean

Std Dev

Distance to nearest park
Size of nearest park

8652.930
1454759.8 1
3
1 0680.078
8440.579
1 9632.026

5556.530
50948 1 8.6
61
4942.6 1 5
5884.047
39026.745

0.01 4
0. 1 57

0. 1 1 6
0.363

0.027
0.092

0. 1 6 1
0.290

0.077
0. 148

0.266
0.355

0.053
0.055
0.057
0. 147
0.065

0.224
0.228
0.23 1
0.354
0.247

0. 1 09

0.3 1 1

0.343
0.0 10

0.475
0.097

Distance to nearest golf course
Distance to nearest stream, lake, river, or other water body
Size of nearest water body

High school dummy variables
Dummy variable for Austin High School District ( 1 if Austin, 0 otherwise)
Dummy variable for Bearden High School District ( 1 if Bearden, 0
otherwise)
Dummy variable for Carter High School District ( 1 if Carter, 0 otherwise)
Dummy variable for Central High School District (1 if Central, 0
otherwise)
Dummy variable for Doyle High School District ( 1 if Doyle, 0 otherwise)
Dummy variable for Town of Farragut & Farragut High School District ( 1
if Farragut, 0 otherwise)
Dummy variable for Fulton High School District ( 1 if Fulton, 0 otherwise)
Dummy variable for Gibbs High School District ( 1 if Gibbs, 0 otherwise)
Dummy variable for Halls High School District ( 1 if Halls, 0 otherwise)
Dummy variable for Karns High School District ( 1 if Karns, 0 otherwise)
Dummy variable for Powell High School District ( 1 if Powell, 0
otherwise)
West High School reference data
Spatial dummy variables
Dummy variable for Knoxville city limits ( 1 if Knoxville, 0 otherwise)
Dummy variables for 500 year floodplain ( 1 if a house is located in a
stream protection area, 0 otherwise)

�
N

T able 1 , continued
Variable

Unit

Definition

Dummy variable for urban growth boundary (1 if located in the UGB,

UGB

Std Dev

Mean

0

0.083

0.276

0.43 1

0.495

0.065
0.223

0.247
0.41 7

0.559

0.497

4.267

2. 1 04

1 . 1 05

0.927

otherwise)
PGA

Dummy variable for planned growth area

RURAL

Rural reference data

( 1 if located in the PGA, 0

otherwise)
INTERFAC

( 1 if a house is located in census
0 otherwise)

Dummy variable for interface or urban
block of mixed rural-urban housing,

Real esiaie market variables
(1 if April through

SEASON

Dummy variable for season of sale

September,

0

otherwise)
PRM CPI

percent

Average prime interest rate less yearly change in CPI

age
HSDENSTY

acre

Variable of interest
2000

Housing density for census-block group in

Table 2. Knox County, Tennessee Average High School District ACT Scores
High School District

Composite ACT Score

AUSTIN
BEARDEN
CARTER

1 7.7

CENTRAL
FARRAGUT
FULTON
GffiBS
HALLS
KARNS

POWELL
DOYLE
WEST

7

7

22.6
1 9.9
21
23 . 1
1 8.7
20.2
20.8
2 1 .2
21
20.7
2 1 .3

http://www.k- 12.state.tn.us/rptcrd04/
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Table 3. Parameter Estimates of Global and Local Hedonic Housing Price Models for Knox County, Tennessee
(Dependent Variable = ln(spricehpi))
Variable

Global
Coefficient

INTERCEPT

7. 1 60**

AGE
BRICK
POOL
GARAGE
BEDROOM
STORIES
FIREPLAC
QUALITY
COND
LNPRCLSZ
LNHOUSIZ

-0.004 **
0.07 1 **
0.060 **
0.09 3 **
0.014 **
0.099 **
0.040 **
0. 1 74**
0.099 **
0.054**
0.543 **

VACANCY
UNEMPLOY
TRVLTIME

-0. 1 1 4
-0.332 **
0.001

LNDWNTWN
LNGRNWY
LNRAILR
LNSIDEWK
LNPARK
LNPRKSZ

0.022
-0.02 1 **
0.006 *
-0.0 12 **
-0.01 1 **
0.0 12 **

Local
Std Error

0. 1 86

Min

4. 1 64

Lower

Quartile
6.037

Structural variables
-0.007
-0.01 0
0.043
0.022
0.007
-0.014
0.074
0.064
-0.01 1
0.004
0.058
0.023
0.026
-0.005
0. 1 04
0. 124
0.064
0.036
0.055
0.042
0.49 1
0.434
Census-block group variables
-0.309
0.09 1
-0.787
- 1 .843
-0.779
0.095
-0.007
0.001
0.000
Distance variables
-0.006
0.01 5
-0. 1 93
-0.022
-0.040
0.003
-0.027
-0.005
0.003
-0.019
-0.033
0.002
0.003
-0.026
-0.06 1
-0.029
0.003
-0.005
0.000
0.006
0.0 1 0
0.005
0.004
0.007
0.005
0.006
0.006
0.004
0.009

Median

Upper

Max

6.7 1 9

Quartile
7.347

9.778

-0.005
0.048
0.069
0.080
0.0 1 5
0.083
0.039
0. 1 44
0.090
0.062
0.524

-0.003
0.087
0.097
0.085
0.02 1
0. 1 1 3
0.047
0. 1 84
0. 1 09
0.07 1
0.537

-0.00 1
0. 1 0 1
0. 1 3 8
0. 1 06
0.050
0.2 1 4
0.059
0.224
0. 1 59
0. 1 08
0.569

-0. 1 0 1
-0.392
0.001

0.329
-0.269
0.003

0.850
0.7 1 9
0.008

0.059
-0.001
0.01 1
-0.01 5
-0.0 1 4
0.0 1 7

0. 1 1 6
0.004
0.01 6
-0.01 1
0.003
0.035

0.235
0.0 1 9
0.029
0.007
0.01 9
0.084

Table 3, continued
Variable

Local

Global
Coefficient

Std Error

Min

Lower

Median

Quartile
LNGOLF
LNWATER
LNWATSIZ

-0.0 17**
-0.037**
0.004**

0.005
0.003
0.001

-0.063
-0. 1 19
-0.009

Upper

Max

Quartile

-0.025
-0.049
0.00 1

-0.013
-0.02 1
0.004

0.00 1
0.003
0.009

0.047
0.027
0.0 18

-0.095
-0.070
-0.068
-0.010
-0.095
-0.073
-0.022
-0. 185
-0. 109
-0.063
-0.098

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
-0.041
-0.024

0.000
0.004
0.000
0.02 1
0.000
0.000
0.005
0.000
0.000
-0.003
0.000

0.728
0.363
0. 1 13
0.453
1. 170
0.492
0. 16 1
0.094
0.7 10
0.2 17
0. 193

-0.097
-0.06 1
-0.010
-0.03 1
-0.055

-0.036
0.009
0.033
0.0 17
-0.025

0.037
0.085
0.068
0.053
0.010

0. 18 1
0.200
0. 160
0. 158
0.036

0.0 18
0.00 1

0.02 1
0.004

0.027
0.005

0.037
0.009

High school dummy variables

AUSTIN
BEARDEN
CARTER
CENTRAL
DOYLE
FARRAGUT
FULTON
GffiBS
HALLS
KARNS
POWELL

-0.2 15**
-0.082* *
-0. 182**
-0.072**
-0. 1 12**
-0. 138**
-0.083**
-0. 153**
-0.085**
-0.087**
-0.078**

0.026
0.012
0.0 19
0.012
0.0 15
0.0 17
0.016
0.016
0.0 17
0.013
0.0 15

-0.356
-0.436
-0.898
-0.534
-0.27 1
-0.381
-0.427
-0.405
-0.308
-0.348
-0.28 1

Spatial dummy variables

KNOXVILL
FLOOD
UGB
PGA
INTERFAC

-0.054**
-0.017
-0.009
-0.009
0.007

0.0 13
0.024
0.0 13
0.009
0.009

-0.448
-0. 142
-0.260
-0.263
-0. 157

Real estate market variables

SEASON
PRM CPI
�
V'l

0.024**
0.003 **

0.005
0.001

0.004
-0.003

�

Table 3, continued
Variable

Global
Coefficient

HSDENSTY
Adjusted If
* Significance at 5% level
* * Significant at 1 % level

-0.009**
0.73 1

Local
Std Error

Min

Variables of interest
-0.095
0.004
0.755

Lower

Median

-0.058

-0.009

Quartile

Upper

Quartile
0.000

Max

0.0 1 3

Table 4. Marginal Implicit Prices for Knox County, Tennessee Housing Variables*
Ch aracteristic

INTERCEPT
AGE
BRICK
POOL
GARAGE
BEDROOM
STORIES
FIREPLAC
QUALITY
COND
LNPRCLSZ
LNHOUSIZ
Sum of structural variables

Marginal Implicit Price (USD)

$928,009
Structural variables
$5 1 8
$9,202
$7,777
$ 1 2,054
$ 1 ,8 1 5
$ 1 2,83 1
$5, 1 84
$22,552
$ 1 2,83 1
$0.270
$36
$84,800
Census-block group variables
$ 14,776
$43,03 1

VACANCY
UNEMPLOY
TRVLTIME
$ 1 30
Sum of census-block group variables
$57,937
Distance variables x 1, 000 * *
$540
LNDWNTWN
LNGRNWY
LNRAILR
LNSIDEWK
LNPARK
LNPRKSZ
LNGOLF
LNWATER
LNWATSIZ
Sum of distance variables

$5 1 6
$ 1 47
$295
$270
$1
$41 7
$908
$26
$3, 1 20
High school dummy variables

AUSTIN
BEARDEN

$27,866

CARTER
CENTRAL

$23,589
$9,332

$ 1 0,628
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Table 4, continued
Characteristic

Marginal Implicit Price (USD)

DOYLE
FARRAGUT
FULTON
GIBBS
HALLS
KARNS
POWELL

$ 1 4,5 1 6
$1 7,886
$ 1 0,758
$ 1 9,830
$ 1 1 ,0 1 7
$ 1 1 ,276
$ 1 0,1 10

Spatial dummy variables
KNOXVILL
$6,999
FLOOD
$2,203
UGB
$ 1 , 1 66
PGA
$ 1 , 1 66
INTERFAC
$907
Real estate market variables
SEASON
$3, 1 1 1
PRM CPI
$389
Sum of real estate variables
$3,500
Variables of interest
HSDENSTY
$3,53 1
* All marginal implicit price values given in absolute value
** One mile used as initial distance in marginal implicit price distance calculations
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Figure 2. Census Block Group Classification in Knox County, Tennessee
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Figure 3. Marginal Effects of Housing Density in Knox County, Tennessee
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Figure 4. Housing Sale Price Adjusted to 2000 Dollar Values for Knox County, Tennessee

Vita

Alexander Young, born October 24, 1 98 1 and from Herndon, Kentucky, was
home educated by his parents. The family school, Greenleaf Family Academy, served as
the means of education for all five of the Young children. Alexander began his economic
training at a young age as a participant in the family business. In 2004, he was graduated
cum laude with a Bachelor of Science in Agriculture Science and a Political Science
minor from Murray State University in Murray, Kentucky. In the fall of 2004 he began
.
the Master of Science program in Agriculture Economics at the University of Tennessee,
Knoxville and in the summer of 2006 graduated with the Agriculture Economics Master
of Science degree with a minor in statistics.
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